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ABSTRACT 


The advantages of using elevated radial wire ground 
screens with vertical monopole antennas for MF and HF 
broadcast have recently been reported. This study extends 
the concept to the folded unipole antenna and compares the 
performance of a folded unipole with elevated radials to 
that of monopoles operating with both elevated and 
conventional buried radial wire ground screens. The 
unipole's performance with 2,3 and 4 elevated radials, is 
within 2% of that for a standard monopole using 120 buried 


radial wires. 
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I. INTRODUCTION 


A. BROADCAST ANTENNAS 

Most of the broadcast stations in the medium frequency 
range use vertical radiators as antennas. The height of the 
radiator varies from one-sixth to five-eighths wavelength 
(Ref.1]. The economic considerations and the desired 
characteristics determine the height of the antenna for a 
particular AM broadcast station. Generally the height of the 
antenna is chosen to be one-quarter wavelength. The current 
return path includes the space and the ground. Due to high 
current densities in the ground, the conductivity of the 
ground is raised by incorporating a radial wire buried 
ground system. The typical ground system consists of 120 
quarter-wave length long radial wires buried about 4 to 6 
inches below the surface of the earth. The radiators can be 
either insulated at the base or grounded with = shunt 
excitation. 

The folded-unipole antenna is a modification of a 
standard shunt-fed system [Ref.2]. This antenna has wires 
(one or more can be used) attached to the tower at a pre- 
determined height, supported by stand-off insulators, and 
run parallel to the sides of the tower to its base. The 
tower 1s grounded at its base. These folds, or wires, are 


joined together at the base and driven at this point through 


ay 


an impedance matching network. The folded unipole antenna 
was introduced in the late 1950's for standard broadcast 
stations and today over 1,200 licensed stations use the 
folded unipole method of feed. Figure 1.1 shows a typical 
folded unipole antenna. 

The folded unipole antenna has significant advantages 
over both the series fed vertical or top-loaded antenna. The 
more salient advantages are: 

* Greater radiation resistance. 
* Greater system bandwidth. 
* No base insulator 


* More stable in inclement weather (but not with heavy 
ve unc) 


* Easier multiple frequency operation (simple multiplexer 
circuitry because antenna structure provides some off- 
frequency isolation). 


* Base impedance can be easily varied. 
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Figure 1.1 Typical Folded Unipole Antenna 
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B. INTERESTING ANTENNA PARAMETERS 
1. Input impedance 
Input Impedance is defined as "the impedance 
presented by an antenna at its terminals or the ratio of the 
voltage to current at a pair of terminals" [Ref.3]. The 


input impedance is composed of real and imaginary parts. 


Zin = Rin + JXin 


where 

Zin = antenna impedance at its terminals 

Rin = antenna resistance at its terminals 
Xjn = antenna reactance at its terminals. 


In general the resistive part consist of two 


components 
Rin = Rye tet, 
where 
Ry = radiation resistance of the antenna 


Ry, = loss resistance of the antenna. 

Radiation resistance R; is a form of dissipation and 
represents power that leaves the antenna as radiation and 
Newer returns. Loss resistance R,;, represents power 
dissipated on the antenna structure and associated hardware 
as heating losses and power dissipated in the ground because 
of the ground-system losses. These losses are equivalent to 
the power dissipated in a resistor in series with the 
antenna impedance. Input reactance, Xin, represents power 


stored in the near field of the antenna. The antenna 


2 


impedance is important to the transfer of power from a 
transmitter to an antenna or from an antenna to a receiver. 
For maximum transfer power from a receiving antenna, the 
antenna impedance should be a conjugate match to the 
receiver impedance (equal resistances, equal magnitude and 
opposite sign reactances). Usually the transmitter or 
receiver has a real impedance so it is necessary to "tune 
out" the antenna reactance with a matching network of 
variable inductances and capacitances adjusted to cancel 
antenna reactance. 
2. Average Power Gain 

Another useful parameter describing the performance 
of an antenna is the gain. It is a measure that takes into 
account the efficiency of the antenna as well as its 
directional capabilities. A common criterion applied to 
antenna computer models is to calculate the average power 
gain. It is obtained by integrating the radiation power 
density to find the total radiated power, then comparing 
that to the total input power at the feed points. These 
should be equal for a valid solution. The average power gain 
provides a check on the accuracy of the computed input 
impedance. It should be equal to 2 over ae perfectly 
conducting ground and equal to 1 in free space. For 
engineering purposes, values of average power gain within 


+10% of ideal are considered acceptable. 
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C. SCOPE OF THE THESIS 

In this thesis we will investigate the replacement 
of the ground system for an antenna which consists of 120 
buried radial wires, with a small number of radials, only 
four, and not buried but elevated above ground. This model 
of antenna (4 elevated radial wires) is cheaper and has 
almost the same performance as the one with 120 buried 
radials. The research will be done at the following 
practical design cases: 

1. The input impedance of a 75 meter folded unipole with 
three fold wires and four radial wires extended from 
the base of the unipole, spaced at an angle of 909, at 
elevations from 1 to 15 meters above a finite ground 
plane. 

2. The input impedance of a 75 meter monopole with four 
radial wires extended from the base at an angle of 909, 
at elevations from 1 to 15 meters from a finite ground. 

3. A comparison of radiation patterns of a 75 meter folded 
unipole with four, three, two and one radial wires at 


elevations from 1 to 15 meters. 


4. Effect on radiation efficiency of elevated vs buried 
radial wire ground screens for monopoles. 


5. A comparison of radiation efficiency of elevated 
unipoles vs a monopole with 120 buried radial wires. 
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II. NUMERICAL ELECTROMAGNETIC CODE 


A. INTRODUCTION 

The Numerical Electromagnetic Code (NEC) [(Ref.4], is an 
advanced version of the Antenna Modeling Program (AMP) and 
was developed by the Lawrence Livermore Laboratory, 
Livermore California, under the sponsorship of the Naval 
Ocean Systems Center and the Air Force Weapons Laboratory. 

NEC is based on the numerical solution of integral 
equations (I.E) for currents induced on arbitrary structures 
by sources or incident fields. In Appendix A, there is a 
brief description of the I.E. The arbitrary structure can 
include either wire antennas or closed surface metal 
structures and can be modeled over a ground plane that may 
be either a perfect or imperfect conductor. The excitation 
of the structure can include a voltage source or an incident 
plane wave with either linear or elliptical polarization. A 
model may include nonradiating networks and transmission 
lines connecting parts of the structure, perfect or non- 
perfect conductors and lumped element loading. 

The program can give outputs such as induced currents 
and charges, near and far zone electric and magnetic fields, 
impedance or admittance, input power or total radiation 
power, directive or power gain, antenna efficiency and 


radiated fields for plotting radiation patterns. 
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B. GUIDELINES FOR MODELING STRUCTURES 

NEC requires that antennas or any other conducting 
objects must be modeled with strings of segments or patches 
which should follow the paths of conductors as closely as 
possible. Short straight segments are used for modeling 
Wires and flat patches for modeling closed surfaces. In 
order to obtain the most accurate results, proper selection 
of segments and patches is essential. The more segments or 
patches used in a model the more accurate solution in 
general, but on the other hand the program run time 
increases rapidly as this number increases. Thus the number 
of segments and patches should be the minimum required for 
accuracy. Guidelines for choosing segments and patches are 
given below. 

1. Wire Modeling Guidelines 

A wire segment is defined by its radius and the 

coordinates of its start and end point. Figure 2.1 


illustrates the wire segment parameters. 


Sn 

_ ml 
at 
Figure 2.1. Wire Segment Parameters 


Le 


Key parameter is segment length A relative to the 
wavelength, A. The segment length A should be: 

* less than about 0.1A at the desired frequency; 
* less than 0.054 in critical regions of a model; 
* not less than 1073). 

In some cases with long wires, segments longer than 
0.1A may be acceptable. 

The wire radius, a, relative to wavelength is 
limited by the approximations used in the kernel of the 
electric field IE. There are two available approximations 
in NEC: the thin-wire kernel and the extended thin-wire 
kernel. A thin wire is one for which the radius is small 
compared to the wavelength. The accuracy of the solution is 
also dependent on A/a and in the case with a thin-wire 
kernel, A/a must be greater than about eight (8) in order to 
have errors less than 1%. A/a may be as small as 2 for the 
Same accuracy when applying the extended thin-wire kernel. 

Some guidelines for the segment model follow: 

* Segments must connect each other at their ends. 
* Segments (or patches) may not overlap. 


* Between connected segments a large radius change may 
decrease accuracy. 


* A segment is required at each point where a network 
connection or voltage source is located. 


* The two segments on each side of a voltage source should 
be parallel and have the same length and radius. 


* When wires are parallel and very close together, the 
segments should be aligned to avoid incorrect current 
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perturbations from offset match points and segment 
junctions. 


* Parallel wires should be several radii apart. 


2. Modeling Structures Over Ground 


NEC provides several options for modeling an antenna 
over a ground plane. 
a. Model Over Perfect Ground 

For a perfectly conducting ground the program 
generates an image of the structure reflected in the ground 
plane. Structures may be close to the ground. For a 
horizontal wire, 

Jh2t+a2 > 1078 A 

where: 

a=wire radius. 

h=height of wire axis above the ground plane. 

The height should be at least several times the 
radius for the thin-wire approximation to be valid. This 
method doubles the time to fill the interaction matrix. 

b. Model Over Finite Ground (Sommerfeld/Norton) 

A finite conducting ground for an antenna may be 
modeled with the Sommerfeld/Norton method. This method is 
available for wires only, uses the exact solution for the 
fields in the presence of ground, is accurate close to the 
ground and has the same height restriction for a horizontal 


wire as for a perfect ground. 


io 


This method requires an input file (FILE 21) 
containing the field values for the specific ground 
parameters and the desired frequency. This file may be saved 


and reused for problems having the same ground parameters 


and frequency. 


C. NEC INPUT DATA CARDS 

Data which describes structures and requests computation 
of structure characteristics are contained in files made up 
of card images. There are three types of "cards" and each 
type plays a specific role. These types are Comment Cards, 
Geometry Cards and Program Control Cards. In Appendix B 


there is a NEC input card summary. 
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III. COMPUTER MODELS - RESULTS 


A. MONOPOLE WITH 120 BURIED RADIAL WIRES 

In AM broadcasting the standard antenna is a quarter- 
wave monopole with 120 quarter-wave buried radial wires. The 
radial wire system raises the effective conductivity of the 
ground. All other antennas are compared to it. Figure 3.1 


lllustrates this monopole antenna. 
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Figure 3.1A Typical AM Broadcast Antenna 
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The data set used to model a typical AM broadcast 
antenna with 120 radial wires is given in Appendix D.6. The 
vertical radiation pattern as produced by NEC is shown in 
Figure’ 3-2, 

The surface wave field strength of this antenna has a 
value of 289.3 mV/M/KW at a distance of one kilometer and 
the value of the space wave field strength is 239.9 mV/M/KW 
at the same distance. The input impedance is 39+j21.8 ohms. 
The folded unipole is an alternate solution for 
broadcasters looking for the same radiation performance as 
that of the above monopole and with all the unipole 
advantages mentioned in Chapter I. 

B. 90 DEGREE FOLDED UNIPOLE WITH 4 RADIAL WIRES 

The model used in this thesis consists of a tower 
(quarter-wave monopole) on the Z axis, mounted perpendicular 
to a finite ground plane with parameters = 0.01 mhos/M and 

=15 (typical ground constants), and operates at a frequency 
of 1 MHz (center of AM broadcast band). The radius of the 
tower is 3 mm and was used to simplify the computer model in 
order to save computational resources. If the true tower 
size were used, the run-time for this study would have been 
so high that very few cases could have been tried. Later, 
if needed, the more complete model using a cylindrical cage 
of 6 parallel wires [Ref.5:p.26] can be applied. The trends 
and features of the models here will apply to full size 


tower models also. 
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MONOPOLE WITH 120 RADIALS BURIED 5 INCHES UNDER GROUND 
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Figure 3.2 Radiation Pattern - Typical AM 


Broadcast Antenna 
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Three fold wires with the same radius are arranged 
around the tower, spaced at an angle of 120 degrees. The 
fold wire distance from the tower is 0.9 meters. The top 
bracket is at height 75 meters and the bottom at 1 meter. 
Four wires of radius 3 mm extend from the base of the 
monopole to a radius of 75 meters arranged around the tower 
like the spokes of a wheel and spaced at an angle of 90 
degrees. Figure 3.3 illustrates this unipole antenna 
elevated 15 meters above the ground. The data set used to 
model this antenna is given in Appendix D.1. 

When the antenna is elevated from 1 to 15 meters over a 
perfect reflecting ground plane, the average power gain 
decreases as Figure 3.4 shows, from a value of 1.941 at 1 
meter elevation to a value of 1.881 when the elevation is 15 
meters. These values of average power gain help verify that 


the numerical model is valid for this study. 
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ELEVATED UNIPOLE 15 METERS FROM GROUND 


i 
| 


THETA = 85.00 PHI = 45.00 ETA = $0.00 


Figure 3.3 Folded Unipole Elevated 15 Meters Over 


Finite Ground 
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AVERAGE POWER GAIN 


UNIPOLE AVERAGE POWER GAIN 
4 ELEVATED RADIALS PERF GRND 
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Figure 3.4 Folded Unipole Average Power Gain 
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Table 1 lists the variation of average power gain, input 
resistance and input reactance for different heights of 1 


through 15 meters. 


TABLE 1 


90 DEG. UNIPOLE WITH FOUR 90 DEG. RADIALS 
PERFECT GROUND 
EFFECT ON AVERAGE POWER GAIN VARYING THE HEIGHT 


Height Average Resistance Reactance 
Meters Power Gain Ohms Ohms 





When the folded unipole is elevated over a finite ground 
the surface wave field strength increases from 266.8 mV/M/KW 
to 288.3 mV/M/KW as the elevation increases from 1 to 15 
meters. Also the space wave field strength increases with 
elevation from 220.7 mV/M/KW to 233.8 mV/M/KW. Table 2 lists 
the variation of surface and space wave field strength and 
input impedance for different heights above finite ground. 

The radiation patterns of this model are shown in 
Figures C.2 through C.6 for different elevations, and are 


Close to the pattern for the standard monopole with 120 
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buried radial wires. Thus, the small number of elevated 
radial wires makes this antenna cheaper and better for use 
in large city environments where adequate land space for a 


radial wire ground screen is not available. 


TABLE 2 


90 DEG. UNIPOLE WITH FOUR 90 DEG. RADIALS 
FINITE GROUND 
EFFECT ON GROUND AND SPACE WAVE FIELD VARYING HEIGHT 


Height Ground Wave Space Wave Impedance 
meters Field Strength Field Strength R X 
in mV/M/KwW in mV/M/KW Ohms Ohms 





Figure 3.5 illustrates the field strength (surface and 
space wave) of this antenna and Figure 3.6 shows’ the 
impedance of the folded unipole over perfect and finite 
ground. Figure 3.6 shows that antenna input resistance 
decreases when the elevation increases. If antenna 
resistance decreases over lossy ground, one usually expects 
that ground losses are diminishing and are not adding as 
much loss resistance to antenna input resistance. In Figure 


3.5 the surface wave field strength increases when the 


28 


elevation increases, so the power coupled into surface wave 
increases at expense of other power. Possibly the space 
wave power is dropping; this is seen to be the case when 
comparing the radiation patterns at heights of 1 and 15 


meters (Figures 3.7 and 3.8). 
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Figure 3.5 Folded Unipole Electric Field Strength 
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Figure 3.6 Folded Unipole Impedance Variation 
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UNIPOLE WITH 4 RADIALS ELEVATED 1 METER OVER FINITE GROUND 


Vee siee, saReQ =i / EPS = 15, SIG =.01 
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Figure 3.7 Radiation Pattern - Folded Unipole 


Elevated 1 Meter Over Finite Ground 
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UNIPOLE WITH 4 RADIALS ELEVATED 15 METERS OVER FINITE GROUND 
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Figure 3.8 Radiation Pattern - Folded Unipole 


Elevated 15 Meters Over Finite Ground 
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C. FOLDED UNIPOLE VARYING THE NUMBER OF ELEVATED RADIALS 

Another interesting point of this design is the effect 
of surface and space wave field strength when varying the 
number of elevated radial wires. In this case the elevation 
is not changing and remains at 5 meters and the number of 
radials changes from 1 to 3. The data sets used to model 
these antennas are given in Appendix D.2 through D.4. 
ieures 3.9 through 3.11 illustrate these antennas with 
different numbers of radials. 

As Figure 3.12 shows, the surface and space wave field 
increases when the number of radials increases up to 2. The 
increment of field strength for 3 and 4 radials, as Table 3 


lists, is small. Radiation patterns for these cases are 


shown in Figures C.7 through C.9. 


TABLE 3 


90 DEG. UNIPOLE 5 METER OVER FINITE GROUND 
EFFECT ON GROUND AND SPACE WAVE FIELD VARYING 
THE NUMBER OF RADIAL WIRES 


# of Ground Wave Space Wave Impedance 
radial Field Strength Field Strength R X 
wires in mV/M/KW in mV/M/KW Ohms Ohms 


at 1KM at 1KM 





33 


UNIPOLE / 1 RADIAL WIRE / FINITE GROUND 





THETA = 85.00 PHI = 45.00 ETA = 90.00 


Figure 3.9 Folded Unipole With 1 Radial Wire 
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UNIPOLE/ 2 RADIAL WIRES/ FINITE GROUND 
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Figure 3.10 Folded Unipole With 2 Radial Wires 
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UNIPOLE/3 RADIAL WIRES/FINITE GROUND 
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Figure 3.11 Folded Unipole With 3 Radial Wires 
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Fagure 3.12 Folded Unipole Electric Field Strength 


When Varying The Number Of Radial Wires 
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De 90 DEGREE MONOPOLE WITH 4 RADIAL WIRES 

This model shown in Figure 3.13 has 4 radials like the 
folded unipole to simulate the ground screen and is elevated 
from 1 to 15 meters over perfect and finite ground (6=0.01 
mhos/M, €&=15). 

Appendix D.5 shows a typical data set used to model this 
antenna. There are two different cases with this model. In 
the first case the feed point is at the bottom segment of 
the monopole and in the second case the feed point is at the 
second segment up. We tried two different feed points 
because NEC guidelines suggest avoiding feed points close to 
a point with many wires junctions, as we have in this model 
(junctions of the radial wires with the tower). 

Figure 3.14 illustrates the average power gain decreases 
for both cases when the elevation of the radials increases. 
Also we can see that when feeding the bottom segment, the 
average power gain has only slightly greater values than 
when feeding the second segment. Apparently the multiple 
Junction feed location is not a problem for this antenna. 

The surface and space wave field strength is almost the 
same in both cases as Figure 3.15 illustrates. Finally the 
impedance is nearly the same over perfect and finite ground 
as Figures 3.16 and 3.17 illustrate and decreases as the 
elevation increases. Tables 4 and 5 list the variation of 
field strength and input impedance for different feed points 


over finite ground. Also Tables 6 and 7 lists the variation 
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of average power gain and input impedance when the antenna 
is elevated over perfect ground. Figures C.10 through C.19 
show the radiation patterns of these antennas for different 


feed points and elevations 


TABLE 4 


90 DEG. MONOPOLE WITH FOUR 90 DEG. RADIALS 
EXCITATION ON 1°! BASE SEGMENT - FINITE GROUND 
EFFECT ON GROUND AND SPACE WAVE FIELD VARYING HEIGHT 


Height Ground Wave Space Wave Impedance 
meters Field Strength Field Strength R X 
in mV/M/KW in mV/M/KwW Ohms Ohms 
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TABLE 5 


90 DEG. MONOPOLE WITH FOUR 90 DEG. RADIALS 
EXCITATION ON 2ND BASE SEGMENT - FINITE GROUND 
EFFECT ON GROUND AND SPACE WAVE FIELD VARYING HEIGHT 


Height Ground Wave Space Wave Impedance 
meters Field Strength Field Strength R X 
in mV/M/KW in mV/M/KW Ohms Ohms 


TABLE 6 


90 DEG. MONOPOLE WITH FOUR 90 DEG. RADIALS 
EXCITATION ON 1°51 BASE SEGMENT - PERFECT GROUND 
EFFECT ON AVERAGE POWER GAIN VARYING THE HEIGHT 


Height Average Resistance Reactance 
meters Power Gain ohms ohms 
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TABLE 7 


90 DEG. MONOPOLE WITH FOUR 90 DEG. RADIALS 
EXCITATION ON 2ND BASE SEGMENT - PERFECT GROUND 
EFFECT ON AVERAGE POWER GAIN VARYING THE HEIGHT 


Height Average Resistance Reactance 
meters Power Gain ohms ohms 
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MONOPOLE 5 MET. OVER FIN. GRND 


THETA = 83.00 PHI = 45.00 ETA = 90.00 


Figure 3.13 Elevated Monopole With 4 Radial Wires 
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Figure 3.14 Monopole Average Power Gain With 4 


Elevated Radial Wires For Different Feed Locations 
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Figure 3.15 Monopole Electric Field Strength With 4 


Elevated Radial Wires For Different Feed Locations 


44 


46 


IMPEDANCE (O1IMS) 
15 20 25 30 36 


10 


MONOPOLE IMPEDANCE 
4 ELEV RADIALS FEED BOT SEGMENT 


: E ; ; 
—_— eee Oe A 
E —. x 


LEGEND 
G_R-FINITE GROUND 


—ae = —_— —— 


X-FINITE GROUND 


O 
_3__R-PERFECT GROUND 
> _X-PERFECT GROUND 


SS 





~- 
are 
= = 
~=-. 
. een 
“=. 


= 
Ses 
=-—= 


0 1 2 4 4 5 6 7 g 9 10 7% #12 ©«©19~—~«W 


HEIGHT ABOVE GROUND (METERS) 


Figure 3.16 Monopole Impedance When Feeding 


Bottom Segment 
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MONOPOLE IIMPEDANCE 
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Figure 3.17 Monopole Impedance When Feeding 


Second Segment 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

This thesis has investigated the input impedance, 
average power gain and electric field strength of a folded 
unipole and a monopole with 4 radial wires elevated from 1 
through 15 meters over perfect and finite ground. This type 
of antenna with 4 elevated radial wires can use guy wires to 
hold up the elevated radials, are cheaper and have the same 
performance as the standard AM broadcast antenna (120 buried 
radial wires). 

The results indicate that the average power gain 
decreases by 3% when the elevation increases because the 
Space wave power of these antennas drops slightly when the 
elevation increases. The monopole average power gain is 
better than the unipole's by 2%. 

Also for the elevated folded unipole, the input 
impedance decreases by 33% and the electric field increases 
by 6% when the elevation increases. Comparing the radiation 
patterns of these elevated-radial antennas with a standard 
AM broadcast antenna radiation pattern (a quarter-wave 
monopole with 120 buried radial wires), we see they are very 
close to the pattern for the standard AM broadcast antenna. 

Reducing the number of elevated radials below 4 (the 


suggested number by Christman and Radcliff, for monopoles) 
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[Ref.6] in the case of the unipole antenna, results ina 
drop in electric field of 1.7% for 3 radials, 1.9% for 2 
radials and 9.5% for 1 radial. This suggests using 3 radials 


for simplicity of construction. 


B. RECOMMENDATIONS 
There are some aspects of this study, which need further 
investigation. 


* Determination of the elevated-radial unipole's response 
at other frequencies over thc AM broadcast band. 


* Design of multi-frequency unipoles with elevated 
radials 


* Apply elevated radials to unipoles in arrays. 
* Investigate elevated-radial unipoles on top of high 
buildings for use in large city environments where 


adequate land space for a radial wire ground screen is 
not available. 
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APPENDIX A 


INTEGRAL EQUATIONS (TIE) 


The NEC code uses both an electric field integral 
equation (EFIE) and a magnetic field integral equation 
(MFIE) to model the electromagnetic response of general 
structures [Ref.7]. The EFIE is well suited for thin wire 
structures of small or vanishing conductor volume while the 
MIEF, is more attractive for large smooth closed surfaces. 
For a structure containing both wires and surfaces the EIEF 
and MIEF are coupled. 

1. ELECTRIC FIELD INTEGRAL EQUATION 


The EFIE for thin wires used in NEC is given by: 


wept (r) = ==: | 1(s') (88'k? - —e )g(r,r')ds’ (Al) 
G(r) 
Where: 
S = distance along the wire axis r. 
s! = unit vector along the wire axis. 
E1(£) = incident electric field at r. 
W = 2nf 
€ = permittivity. 
I(s') = axial current. 
kK = w/e 
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Ul = permeability. 

ie = source point. 

r! = observation point. 

g(r,r')= exp(-jkKR)/R = free space Green's function. 
R = [(r- ¥F'] 


2. MAGNETIC FIELD INTEGRAL EQUATION 
The MFIE for closed conducting surfaces other than wires 


used in NEC is given by: 





= _ A a = —_ po = 
Ja(rj=2n x ho (5) 5 nx | Hace! ) Vee Vg ds’ res! (A2) 
Ss 
Where: 
J-(r)  =ssurfaceyctmmemendensaa:s 


Hinc (z)= incident magnetic field at the observ. point. 


A 
n = unit normal vector. 
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COMMENT 
* CM: 
= CE: 


APPENDIX B 


NEC INPUT CARD SUMMARY 


CARDS 


description of run 


description of run 


STRUCTURE GEOMETRY CARDS 


* @6GA: 
* GE: 
* GF: 
* GM: 
moe GP: 
* GR: 
ZG. $ 
x GW: 
* GX: 
= SP: 
7 SVE 
PROGRAM 
iT. 
me EK: 
a 6 R: 
* GN: 
* KH: 
* LD: 


wire arc 

end geometry data 

use numerical Green's functions 
shift and duplicate structure 
suppress geometry print 
generate cylindrical structure 
scale structure dimensions 
specify wire 

reflect structure 

specify surface patch 


generate multiple surface patches 


CONTROL CARDS 


Alter Matrix 

extended thin-wire kernel flag 
frequency specification 

ground parameter specification 
interaction approximation range 


structure impedance loading 


S1 


II. Alter Current 
* EX: structure excitation card 
* NT: two-port network specification 
* TL: transmission line specification 
III. Performance Selection 
* CP: compute maximum coupling 
* EN: end of data flag 
* GD: additional ground parameter specifications 
* NE: near electric field 
* NH: near magnetic field 
* NX: next structure flag 
* PQ: wire charge density print control 
* PT: wire-current print control 
* RP: radiation pattern 
* WG: write numerical Green's function file 
* XQ: execute card. 
The required cards used in every NEC model are: CE, GE, 


Pe anasan. 
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APPENDIX C 


RADIATION PATTERN PLOTS 


MONOPOLE WITH 120 RADIALS BURIED 5 INCHES UNDER GROUND 
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Figure C.1 Radiation Pattern - Monopole With 120 


Radial Wires 
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Figure C.2 Radiation Pattern - Folded Unipole 


Elevated 1 Meter Over Finite Ground 
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UNIPOLE WITH 4 RADIALS ELEVATED 3 METERS OVER FINITE GROUND 


VaR PAT. / FRE@ = 1Miz 7 ERS = 15, SIG =.01 
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Figure C.3 Radiation Pattern - Folded Unipole 


Elevated 3 Meters Over Finite Ground 
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UNIPOLE WITH 4 RADIALS ELEVATED 5 METERS OVER FINITE GROUND 


VER. PAT. / FREQ = 1MHz / EPS = 15, SIG =.01 
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Figure C.4 Radiation Pattern - Folded Unipole 


Elevated 5 Meters Over Finite Ground 
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UNIPOLE WITH 4 RADIALS ELEVATED 10 METERS OVER FINITE GROUND 


VER. PAT. / FREQ = 1 MHz / EPS = 15, SIG =.01 
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Figure C.5 Radiation Pattern - Folded Unipole 


Elevated 10 Meters Over Finite Ground 
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UNIPOLE WITH 4 RADIALS ELEVATED 15 METERS OVER FINITE GROUND 


VER. PAT. / FREQ = 1MHz / EFS = 15, SIG =.01 
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Figure C.6 Radiation Pattern - Folded Unipole 


Flevated 15 Meters Over Finite Ground 
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UNIPOLE WITH 1 RADIAL ELEVATED 5 METERS OVER FINITE GROUND 


VERTICAL PATTERN / FREQ. = 1 MHz / EPS = 15, SIG = .01 
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Figure C.7 Radiation Pattern - Folded Unipole 
With 1 Radial Elevated 5 Meters 
Over Finite Ground 
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UNIPOLE WITH 2 RADIALS ELEVATED 5 METERS OVER FINITE GROUNO 


VERTICAL PATTERN / FREQ. = 1 MHz / EPS = 15, SIG = .01 
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Figure C.8 Radiation Pattern - Folded Unipole 
With 2 Radials Elevated 5 Meters 
Over Finite Ground 
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UNIPFOLE WITH 3 RADIALS ELEVATED 5 METERS OVER FINITE GROUND 
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Figure C.9 Radiation Pattern - Folded Unipole 
With 3 Radials Elevated 5 Meters 


Over Finite Ground 
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MONOPOLE WITH 4 RADIALS ELEVATED 1 METER OVER FINITE GROUND 
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Figure C.10 Radiation Pattern - Monopole With 4 Radials 
Elevated 1 Meter Over Finite Ground 


Excitation Bottom Segment 
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MONOFOLE Wlin 4 RADIALS ELEVATED 3 MET. OVER FINITE GROUND 
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Figure C.11 Radiation Pattern - Monopole With 4 Radials 
Elevated 3 Meters Over Finite Ground 


Excitation Bottom Segment 
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Figure C.12 Radiation Pattern - Monopole With 4 Radials 
Elevated 5 Meters Over Finite Ground 


Excitation Bottom Segment 
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MONOPOLE WITH 4 RADIALS ELEVATED i0 MET. OVER FINITE GROUND 
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Figure C.13 Radiation Pattern - Monopole With 4 Radials 
Elevated 10 Meters Over Finite Ground 


Excitation Bottom Segment 
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MCNOPOLE WITH 4 RADIALS ELEVATED 15 MET. OVER FINITE GROUND 
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Figure C.14 Radiation Pattern - Monopole With 4 Radials 
Elevated 15 Meters Over Finite Ground 


Excitation Bottom Segment 
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MONOPOLE WITH 4 RADIALS ELEVATED 1 MET. OVER FINITE GROUND 


VERT.PAT. / FREQ = 1 MHz / <PS = 15, SIG =.01/EXCT. 2ND SEG 
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Figure C.15 Radiation Pattern - Monopole With 4 Radials 
Elevated 1 Meter Over Finite Ground 


Excitation Second Segment 
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MONOPOLE WITH 4 RADIALS ELEVATED 3 METERS OVER FINITE GROUND 


VERT. PAT. / FREQ =1MHz / EPS = 15, SIG =.01/EXCT. 2ND SEG 
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Figure C.16 Radiation Pattern - Monopole With 4 Radials 
Elevated 3 Meters Over Finite Ground 


Excitation Second Segment 
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MONCPOLE WITH 4 RADIALS ELEVATED 5 MzeT. OVER FINITE GROUND 


Paee ie eReei= | viez / Ges = ta, SIG =.01/EXCT. 2ND SEG 
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Figure C.17 Radiation Pattern - Monopole With 4 Radials 
Elevated 5 Meters Over Finite Ground 


Excitation Second Segment 
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MONOPOLE WITH 4 RADIALS ELEVATED 10 MET. OVER FINITE GROUND 


VERT.PAT. / FREQ = 1MHz / EPS = 15, SIG =.01/EXCT. 2ND SEG 
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Figure C.18 Radiation Pattern - Monopole With 4 Radials 
Elevated 10 Meters Over Finite Ground 


Excitation Second Segment 
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MONOPOLE WITH 4 RADIALS ELEVATED 15 MET. OVER FINITE GROUND 


VERT.PAT. / FREQ = 1MHz / EPS = 15, SIG =.01/EXCT. 2ND SEG 
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Figure C.19 Radiation Pattern - Monopole With 4 Radials 
Elevated 15 Meters Over Finite Ground 


Excitation Second Segment 
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APPENDIX D 


INPUT DATA SETS USED FOR THE COMPUTER MODELS 


1. The following data set was used to model the unipole 
antenna with four radial wires elevated 5 meters over finite 
ground. 

CM UNIPOLE ANTENNA OVER FINITE GROUND 

CM WITH FOUR RADIAL WIRES 

CM ELEVATION 5 METERS 

CE 

GW 1,2,0,0,070707 270.008 

GW 1,4,0,0,2,0,0,6,0.003 

GW 1,10,0-0,6,0,0,16,0- 005 

GW 1,4,0;0,1670)0, 32 0, auc 

GW 1,2,0,0,32,0,0,53,0.003 

GW 1,1,0,0,53,0,0,75,0.003 

GW 2,1,0/0.9)750, 075500005 TOP BRACKET 

GW 3,2,90,0-9, 070,09, 21 0. 003 FOLD WIRE 

GW 3,2,0,0.9,21,0,0.9,41,0.003 

GW 3,2,0,0.9,41,0,0.9,61,0.003 

GW 3,2,0,0.9,61,0,0.9,75,0.003 

GW 4, 1 ,OmOMaOoMmorS. 1 O7G03m BOTTOM BRACKET 
GM 472-0) 0,120,0,0,0/ 0027064 

GW 5,4,0,0,0,0,20,0,0.003 RADIAL WIRES 


GW 5,3,0,20,0,0,40,0,0.003 
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— 


GW 
GW 
GM 
GM 
GW 
GE 
GN 
FR 
EX 
EX 
EX 
XQ 


EN 


5,2,0,40,0,0,60,0,0.003 
oO, 60,0,0,75,0,0.003 
4,3,0,0,90,0,0,0,005.005 
io, 0,0,0, 0,0,5, 001.017 
ient,0,0,0, 0,0,5, 0.003 

0 

eo, 0), 0,15,0.01 

oro, 0,0,1 

o4,1,0,296 

wee 1,0,296 


wee, -, 0, 296 


2 


The following data set was used to model the unipole 


antenna with three radial wires elevated 5 meters over 


finite ground. 


CM 


CM 


CM 


ce 


GW 


GW 


GW 


GW 


GW 


GW 


GW 


GW 


GW 


GW 


GW 


GW 


GM 


GW 


GW 


GW 


GW 


GM 


UNIPOLE ANTENNA OVER FINITE GROUND 
WITH 3 RADIAL WIRES 


ELEVATION 5 METERS 


1/20, 0p DORON Cao 
1,4,0,0,2,0,0,6,0.003 
1,10,0,0,6,0,0,16,0.003 

1, 43.0) 09 16,00 32704003 

1; 22.0)0y3s2,0p0ySsyeeae2 
1,1,0,0,53,0,0,75, 0004 

2, 1, OPO SETS ROMOATSeOmCos TOP BRACKET 
3,2,0,0.9,1,0,0.9,21,0.003 FOLD WIRE 

3 27OMOMO some =a OOS 
3,2,0,0.9,41,0,0.9,61,0.003 
3,2,0,0.9,61,0,0.9,75,0.003 

4; 10 pOy0),.019) Iwo 002 BOTTOM BRACKET 
4, 2 , ORO;aIDO RO MOMOMOO2 .0074 
5,4,0,0,0,0,20,0,0.003 RADIAL WIRES 
5,3,0, 2090, 0, 40m) 0.008 
5,2,0,40,0,0,60,0,0.003 

5 , 1/0/60 0/,op7spoRosoes 


4,2,0,0,120,0,0,0,005.005 
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GM 
GW 
GE 
GN 
ER 
EX 
EX 
EX 
XQ 


EN 


oO, 0,0,0, 0,075, 001.003 
em, OFO,0, OFONS, 0.003 

0 

mor ,0,15,0.01 

GmOn0,0,1 

0,4,1,0,296 

0,8,1,0,296 


teet2, 1,0,296 


15 


3. The following data set was used to model the unipole 
antenna with two radial wires elevated 5 meters over finite 


ground. 


CM UNIPOLE ANTENNA OVER FINITE GROUND 

CM WITH 2 RADIAL WIRES 

CM ELEVATION 5 METERS 

CE 

GW 1, 2,0 /0n0,0n0) 2) o~a0s 

GW 1) 40) 072,070), 6 ono: 

GW 1,10,0,0,6,0,0,16,0.003 

GW 14) oP O16 207 0rs2 , Ones 

GW 1,2,0,0,32,0,0,53,0.003 

GW 1)1,070"52,0,0), 75, 0s002 

GW 2,1,0,0.9,75,0,0,75,0.003 TOP BRACKET 
GW 3,2,0,0.9,1,0,0.9,21,0-003 FOLD WERE 
GW 3/2/0009, cin 0G ot 0.003 

GW 392707009" 410, 029 oo. 00s 

GW 320 OMONGIMONO.9 {750.062 

GW 4,1,0,0,19070-9,1,0003 BOTTOM BRACKET 
GM 4,2,0,0,120,0,0,0,002.004 

GW 5,4,0,0,0,0,20,0,0.003 RADIAL WIRES 
GW 5,3,0,20,0,0,40,0,0.003 

GW 5,2,0,40,0,0,60,0,0.003 

GW 5,1,0,60,0,0,75,0,0.003 


GM 4,1,0,0,120,0,0,0,005.005 
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GM 
GW 
GE 
GN 
FR 
EX 
EX 
EX 
XQ 


EN 


m0), 00,0, 0,075, 001.012 
18,1,0,0,0, 0,0,5, 0.003 

0 

emo) 0,0,15,0.01 

o70,0,0,1 

on4.1,0,305 

ope, 1,0,305 


ePei2,1,0,305 


v7 


4. The following data set was used to model the unipole 
antenna with one radial wire elevated 5 meters over finite 


ground. 


CM UNIPOLE ANTENNA OVER FINITE GROUND 

CM WITH 1 RADIAL WIRE 

CM ELEVATION 5 METERS 

CE 

Gwadl,2,0,0,0,0,0,2, Omgge 

GW 1,4,0,0,2,0,0,6,0.@03 

GW 1,10,0,0,6,0,0,16,0.003 
GWel,4,0,0,16,0,0,32,am002 

GW , 0,0, 32))0,0, 53,9003 

GWildy 1, 00,535 0,0, 75) 0mGo3 

GW 2,1,0,0.9,75,0,0,75,0.003 TOP BRACKET 
GW 3,2,0,0.9,1,0,0.9,21,0.003 FOLD WIRE 
GWINSP2', 0, 011921 7.0;0. Se 0.003 

GW 3,2,0,0.9,41,0,0.9,61,0.003 

GWagii2 0708961, 0, OSS, 01008 

GW 4,1,,0,071/9070 9 1 40me03 BOTTOM BRACKET 
GiiN4 , 2,0, 0 /120)090).04ee2 064 

GW 5,4,.0,0,0,0220,0, Oggas RADIAL WIRES 
GW 3, 07210; 0,0,40, 0, 0003 

GWis, 2,0,40,0,0,60,0,0me03 

GW Sifal, 0/.60,01075 5.0 70mO03 


GM 0.0. 10506070) Seeiooneno 1 2 
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GW 
GE 
GN 
FR 
EX 
EX 
EX 
XQ 


EN 


Polen ,O,0;, 0,0,5, 
0 

Peer, O,15,0.01 
OmO0,0,0,1 

O74, 1,0,359 

we, 2,0, 359 


ip2,1,0,359 


0.003 


Us 


ae 


The following data set was used to model the monopole 


antenna with four radial wires elevated 5 meters over finite 


ground. 


CM 
CM 
CM 
er 
GW 
GW 
GW 
GW 
GW 
GW 
GW 
GW 
GW 
GW 
GM 
GM 
GW 
GE 
GN 
FR 
EX 
XQ 


EN 


MONOPOLE ANTENNA OVER FINITE GROUND 
EXCITATION IN 1ST SEGMENT OF THE MONOPOLE 


ELEVATION 5 METERS FROM THE GROUND 


1,2,0,0,0,0/0, 2, Gaens 
1,4,0,0,2,0,0,6,0.003 
1,20"07, 0, 6,0 ,0, tonenoos 
1,4,0,0,16,0,0,32 08004 
1,2,0,0,32,0,0,53708e0s 
1)1 700,530 ,0, 75, 0e@0c 
2,4,0,0,0,0,20,0,0.003 RADIAL WIRES 
2,3,0;20,0, 0,40, 0, omnes 
2,2,0,40,0,0,60,0,0.003 
2,190 760,70 ,0,75, 0 omens 
1,3 0)07950,0,0,0 002062 
0,0, 0,0,0, 0,0,5, 001.005 


6,3, 0,0,0, 0,0,5, 0.003 


2, 0,050 isso -01 


0,0,0,0,1 


0; Pe on2e4 
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on 


The following data set was used to model the typical AM 


broadcast antenna with 120 buried radial wires. 


CM 


CM 


CM 


CM 


CM 


CM 


a) 


GW 


GW 


GW 


GW 


GR 


GW 


GW 


GE 


GN 


FR 


EX 


EN 


90 DEG. HIGH MONOPOLE AT ORIGIN WITH: 

1) SOMMERFELD GROUND (EPS=15,SIG=.01,F=1.0) 

2)120 RADIAL ELEMENTS GROUND SCREEN LAMDA/4 LONG 
3)NO FENCE 

4)NO RING RADIATORS 


Bae PLOTRPVS TO PLOT ESP,ESUR,ETOT 


im O,0,0, 0,0,4, 0.05 90 DEG HIGH MONOPOLE 
per 0,0,4, 0,0,8, 0.05 90 DEG HIGH MONOPOLE 
oa, 0, 0,8, 0,0,16, 0.05 90 DEG HIGH MONOPOLE 
aa 0,0,16, 0,0,75, 0.05 90 DEG HIGH MONOPOLE 
a 120 GND. SCRN. WITH 120 WIRES 


ere, 0,0, 98,4.167,—.15, 0.05 SLOPING WIRE FOR GND.SCRN 


eyo ,4-167,—-.15, 0,75,—-.15, 0.05 HORIZONTAL GND.SCRN 


-1 

wee, 0, Of 15, .O1 SOMMERFELD GROUND 

e707 0,0, 1.00 FREQ = 1 MHZ 

Grey 0,226.4 FOR LOOP 1000W INP. POWER 


Od 


7. The following is a listing of file "NECGS RPCARDS" used 
aS a part of all the data sets which model a structure over 
finite ground and are required to output the spacewave E 
field (PL3, RPO cards), and the groundwave E field added to 
the spacewave E field (PL3 RP1 cards). Fortran code RP1 


MAKER was used to produce PL3, RP1 cards. 


Ph aoa 

RP 0,90,1,1000, 90,180,-1,0, 1000 

Pig opal: 

RP 0,91,1,1000, 0,0,1,0, 1000 

PiSpelve 
RP1,1,1,1000,0.000E+00,0.180E+03,0.,0.,0.100E+04 
Bis ae 
RP1,1,1,1000,0.175E+02,0.180E+03,0.,0.,0.100E+04 
Bing ,1.1 

RP1,1,1,1000, 0.349E+02,0.180E+03,0.,0.,0.999E+03 
Digs pales 
RP1,1,1,1000,0.523E+02,0.180E+03,0.,0.,0.999E+03 
Bis yl 
RP1,1,1,1000,0.698E+02,0.180E+03,0.,0.,0.998E+03 
Pisa 
RP1,1,1,1000,0.872E+02,0.180E+03,0.,0.,0.996E+03 
PES uly 
RP1,1,1,1000,0.105E+03,0.180E+03,0.,0.,0.995E+03 


PES 747, 
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RP1,1,1,1000,0.122E+03,0.180E+03,0. 


res, l,l 


RP1,1,1,1000, 0.139E+03,0.180E+03,0. 


reo, 1,1 


RP1,1,1,1000,0.156E+03,0.180E+03,0. 


be) 1,1 


RP1,1,1,1000,0.174E+03,0.180E+03,0. 


Pis,1,1 


Peet, 1,1000,0.191E+03 ,0.180E+03,0. 


Pro. 1 


Poe, t, L000, 0.208E+03 ,0.180E+03,0. 


Ps) 1,1 


meee, 1, 1000,0.225E+03,0.180E+03,0. 


igo, 1,1 


RP1,1,1,1000,0.242E+03,0.180E+03,0. 


mies, 1,1 


RP1,1,1,1000,0.259E+03,0.180E+03,0. 


pie, 1,1 


RP1,1,1,1000, 0.276E+03,0.180E+03,0. 


Es, 1 


Powe, L, 1000,0.292E+03,0.180E+03,0. 


Pisa, lt, 1 


RP1,1,1,1000,0.309E+03,0.180E+03,0. 


ees, 1,1 


fom, |, 1000, 0.326E+03,,0.180E+0370%.),0 


mised , 1 


oo 


Om OS EEOS 


O22 OEFO3S 


., 0.988E+03 


., 0.985E+03 


.,0.982E+03 


Oss EOS 


+ pOROTLETO3 


.,0.970E+03 


. ,0.966E+03 


.,0.961E+03 


>, 0. 95S681-03 


.,0.951E+03 


~,9.946E+03 


RP1,1,1,1000,0.342E1037, 0. 180E7T03 0,02, Oe eu 


Poa 


RP1,1,1,1000, 0.350803; 07 TeoUrE7 02, U. 


PLS). 


RP1,1,1, 1000, 0-37 5270s) G2 oO weer Os 


Presi 


RP1,1,1,1000 , 0. seme 037 CU eer ue, o- 


Picea 


RP1,1,1,1000,0.407E+03,0.180E+03,0. 


Pio ae 


RP1,1,1, 1000, 0742357037030 Tes 0. 


PL3,1,1 


RP1,1,1, 1000, 0. 438SET03s Os cOl.0s, c- 


PL3,1,1 


RP1,1,1,1000,0.454E+03,0.180E+03,0. 


Prey 1, 1 


RP1,1,1,1000, 05469E+037 0. [e0k7ec oO. 


Pie, i, 1 


RP1,1,1,1000,0.485E+03,0.180E+03,0. 


Pre 141 


RP1,1,1,1000,0.500E+03,0.180E+92,0. 


PbS 


RP1,1,1,1000,0.515E+03, 0. 180E+03, 0. 


PEs 


RP1,1,1,1000,0.530E+03,0.180E+03,0. 


Pesala 
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,0.,0.934E+03 


no 


,9.927E+03 


,0.,0.921E+03 


0. 0.99 4E+08 


,O.,0-700E7T03 


,0.,0.899E+03 


,0.,0.891E+03 


,0n, Uw ocoLTuS 


,O., O-S75E7503 


,0.,0.866E+03 


,0.,0.857E+03 


,0.,0.848E+03 


RP1,1,1,1000,0.545E+03,0.180E+03,0.,0.,0.839E+03 
Ems, 1,1 
RP1,1,1,1000,0.559E+03,0.180E+03,0.,0.,0.829E+03 
res) 1,1 
RP1,1,1,1000,0.574E+03,0.180E+03,0.,0.,0.819E+03 
res 1,1 
RP1,1,1,1000,0.588E+03,0.180E+03,0.,0.,0.809E+03 
Eis 1,1 
RP1,1,1,1000,0.602E+03,0.180E+03,0.,0.,0.799E+03 
Eve 1,1 
RP1,1,1,1000,0.616E+03,0.180E+03,0.,0.,0.788E+03 
mee 1,1 
RP1,1,1,1000,0.629E+03,0.180E+03,0.,0.,0.777E+03 
Es ,1,1 
RP1,1,1,1000,0.643E+03,0.180E+03,0.,0.,0.766E+03 
Ems 1,1 
RP1,1,1,1000,0.656E+03,0.180E+03,0.,0.,0.755E+03 
Eins, 1,1 
RP1,1,1,1000,0.669E+03,0.180E+03,0.,0.,0.743E+03 
PiS,1,1 
RP1,1,1,1000,0.682E+03,0.180E+03,0.,0.,0.731E+03 
ms, 1,1 
RP1,1,1,1000,0.695E+03,0.180E+03,0.,0.,0.719E+03 
Bie ,1,1 
RP1,1,1,1000,0.707E+03,0.180E+03,0.,0.,0.707E+03 


moo, L, 1 





S5 


RP1,1,1,1000,0.719E1T03, 07 PS 08703, 07, 07, Oso 2a mee 


PRO aye 


RP1,1,1,1000,0.731E103,0-60E+037 0. (02, Ovceemn es 


PiEoyee, L 


RP1,1,1,1000,0.743E70370-150E7035, 0-7 0-, Osco emus 


Prov 1 


RP1,1,1,1000,0.755E+03,0. TS0E+03 70. 0. Uaoson. US 


Pes 1 


RP1,1,1,1000,0.766E+03, 07 1SUE703 U0. | 0a, 02 02s 3 


Presa 1 


RP1,1,1,1000, 0.777E+03,0.180E+03,0.,0.,0.629E+03 


Pro 1 


RP1,1,1,1000,0.788E+03,0.180E+03,0.,0.,0.616E+03 


Pigg 


RP1,1,1,1000,0.799E+03,0.180E+03,0.,0.,0.602E+03 


Pio, 2, 


RP1,1,1,1000,0-809E1+03, 02 TSCGERt0s (U2, 0.) eo oo mus 


Prowe1 


RP1,1,1,1000,0.819E+03,0.180E+03,0.,0.,0.574E+03 


PEs, 1.1 


RP? ,1,1,1000,0.829E+03,0.180E+03,0.,0.,0.559E+03 


Pins lL 


RP1,1,1,1000,0.839E+03,0.180E+03,0.,0.,0.545E+03 


Pie 1, 1 


RP1,1,1,1000, 0.848E+037, 0. 18057037 0-7 0-3 2 Som Us 


Pite, 1,1 


86 


feel, 1, LOOO, 0.857E+03,0.180E+03,0. 


Pes,1,1 


me, +, 11,1000, 0.866E+03,0.180E+03, 0. 


ries ,1,1 


RP1,1,1,1000,0.875E+03,0.180E+03,0. 


Fimo, l,1 


RP1,1,1,1000,0.883E+03,0.180E+03,0. 


pag, 1,1 


Pei ,1,1000,0.891E+03,0.180E+03,0. 


rove, 1, 1 


RP1,1,1,1000,0.899E+03,0.180E+03,0. 


Emo, il, 1 


RP1,1,1,1000,0.906E+03,0.180E+03,0. 


peo, 1,1 


meee, -,1000,0.914E+03,0.180E+03,0. 


Eee, L, 1 


Bede, 1,1000,0.921E+03,0.180E+03,0. 


ms. 1,1 


RP1,1,1,1000,0.927E+03,0.180E+03,0. 


mie 1,1 


RP1,1,1,1000,0.934E+03,0.180E+03,0. 


Eis, l,1 


Or Oras etc 


pOG O25 OCELOs 


,0 


,9.485E+03 


,0.,0.469E+03 


,0.,0.454E+03 


,9.,0.438E+03 


0.,0.423E+03 


ORONO FOS 


,0.,0.391E+03 


,0.,0.375E+03 


,0.,0.358E+03 


Peet, 1,1000,0-940E+03,0.180E+03,0.,0.,0.342E+03 


mies, 1,1 


RP1,1,1,1000,0.946E+03,0.180E+03,0. 


ras, 1,1 
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pO. Oe 26b+03 


RP1,1,1,1000,0.951E+03,0.180E+03,0.,0.,0.309E+03 


Bisel 


RP1,1,1,1000,0.956E+03 ,0.180E+03,0.,0- 700252203 


ae 


RP1,1,1,1000,0.961E+03,0.180E+03,0.,0.,0.276E+03 


eee 


RP1,1,1,1000,0.966E+03,0.180E+03,0.,0.,0.259E+03 


PL3 72, 1 


RP1, 1,2) LOOOMONSP GEOG 0 21e or caro: 


BLS 5 7 + 


RP1,1,1,1000,0.974E+03,0.180E+03,0. 


Pee ee. 


RP1,1,1,1000,0.978E+03,0.180E+03,0. 


Piss 72471 


RP1,1,1,1000, 02982540370. 130b Use 


Poel, 1 


RP1,1,1,1000,0.985E+03,0.180E+03,0. 


ibe meat 


RP1,1,1,10007029SS8E7037> 0710057037 a7 


Pim, t,t 


RP1,1,1,1000, Of990E+03, OulcOE e247 o- 


i337 1p 


RP1,1,1,1000,0.993E+03,0.180E+03,0. 


BES glen. 


RP1,1,1,1000,0.995E+03,0.180E+03,0. 


PLS, ty 


88 


,0.,0.242E+03 


70 .)ORm2oEs-08 


,0 


,O.20eE03 


, Os OraIS ECS 


,0.,0.174E+03 


7O., Os ford O09 


70 


, OES O Eres 


0s /OSD2ETO3 


,O. ,OMEGSE+0 3 


RP1,1,1,1000, 0.996E+03,0.180E+03,0.,0.,0.872E+02 


Peo ,1, 1 


meee, 1000,0.998E+03 ,0.180E+03,0.,0.,0.698E+02 


foo, 1,1 


RP1,1,1,1000,0.999E+03,0.180E+03,0.,0.,0.523E+02 


mes.1,1 


fee, 1,1000,0.999E+03 ,0O.180E+03,0.,0.,0.349E+02 


Pira,1,1 


RP1,1,1,1000,0.100E+04,0.180E+03,0.,0.,0.175E+02 


meso, 1,1 
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